ABSTRACT
INTRODUCTION
The contamination of lead (Pb) in the environment has become a concern due to its effects on health. Lead poisoning can cause brain damage and take down the IQ, damage the organ function, decrease the kidney function and anaemia. The main sources of lead contamination are industrial waste and transportation facilities which both occur on land, in rivers, and in the sea. Realizing the danger of lead contamination, the government enacts the regulation on the Pb The level of heavy metal ions, especially Pb 2+ can be determined using various methods. According to the SNI number 06-6989. 8-2004 [1] , the level of Pb 2+ can be measured by Atomic absorption spectrophotometry. Isotope dilution inductively coupled plasma mass spectrometry [2] , inductively coupled plasma optical emission spectrometry [3] as well as voltammetry method [4] , can also be used to determine the levels of heavy metal in samples. Although some of these techniques are very sensitive and selective, the operation procedures used are quite complicated, the analyzing time is quite long, and the instruments are quite expensive [5] .
In recent years, optical sensor (optode) and biosensor have emerged as alternative tools to analyze the heavy metal contamination, particularly Pb contamination in the environment. Both sensors have low costs, rapid detection time and good performance. The study of sensors in the determination of Pb 2+ has been reported. Aksuner [6] developed fluorescent sensor using triazolo-thiadiazin derivative which was immobilized onto polyvinyl chloride membrane to detect Pb 2+ metal ions. The sensor was able to detect Pb 2+ metal ions with a limit of detection at a concentration of 2.2×10 -8 M. Zargoosh and Babadi [7] made optical sensor based on immobilization of dithizone on agarose membrane for determination of Pb 2+ and Hg 2+ metal ions. The limit of detection which was obtained for Hg 2+ and Pb
2+
were 2×10 -9 M and 4×10 -9 M for, respectively. The membrane that was made of a mixture of chitosan-silica can be an alternative in the fabrication of optical sensors. The fragile and low biocompatibility characteristics of silica can be solved by mixing the silica with chitosan [8] . In addition, silica is also able to increase the stability of membranes and pores of chitosan membrane [9] . This parameter is influential for optode membrane as pores in the membrane are needed as metal adsorption media [10] . Chitosan-silica membrane has been applied in biomedical, pharmaceutical, biosensors, and adsorbents. Moreover, the membrane has porosity and mechanical stability that it can be used as biosensors for dopamine and uric acid detection [11] .
The sol-gel method is an alternative method for preparing optodes membranes which are performed in low temperatures for the synthesis of inorganic materials in nature or mixing of inorganic and organic materials. The method provides several advantages as it has low chemical reactivity, high mechanical stability, good compatibility with various substrates and also does not require high temperatures [12] .
Dithizone is one of the reagents used for analysis of some metal ions. The dithizone can react with some metals and later forms specific complexes of metal dithizonate. Dithizone has a good selectivity against Pb 2+ ion in alkaline medium and has the sensitivity to detect the Pb 2+ metal up to 0.0035 ppm as well [13] . In this study, a sensor to be used to detect Pb 2+ metal sensitively and selectively was made based on the immobilization of dithizone onto the chitosan-silica membrane. The sensor response was observed according to the discoloration. Validation of method was carried out to measure the performance of the sensor.
EXPERIMENTAL SECTION

Materials
All chemicals were purchased as analytical grade and used without further purification. Commercial chitosan with a degree of deacetylation of 80-85% had a molecular weight in the range of 100,000 to 250,000 g/mol. Tetraethyl orthosilicate (TEOS), absolute ethanol (EtOH), hydrochloric acid (HCl), glacial acetic acid (CH 3 COOH), sodium hydroxide (NaOH), dithizone, and standard solution of Pb(NO 3 ) 2 ; Fe(NO 3 ) 3 ; Zn(NO 3 ) 2 ; Cd(NO 3 ) 2 were purchased from Merck.
Instrumentation
The pH of the solution was measured by pH meter (Hanna HI 2211). The absorbance of the membrane was determined by UV-Vis (Ocean Optics) Spectrophotometer. Characterization of membrane morphology was observed by using the Scanning Electron Microscope (SEM) (Carl Zeis EVO MA 10) and Fourier Transform Infrared (FTIR) (Bruker Tensor 3) for analysis of functional group in the membranes. Atomic absorption spectrophotometer (Shimadzu AA-6800) was used to determine the concentration of metal ions.
Procedure
Fabrication of chitosan-silica membrane and immobilization of dithizone
Fabrication of chitosan-silica membrane was conducted in several steps. Silica sol solution was prepared by stirring the mixture solution of tetraethyl orthosilicate (TEOS) (22.2 mL), ethanol (22.2 mL), distilled water (88.8 mL) and HCl (0.1 M, 5 mL) for 24 h using a magnetic stirrer. A total of 3 g of chitosan was dissolved in 100 mL of 2% CH 3 COOH and stirred for 3 h (3% w/v of chitosan solution). Furthermore, the silica sol solution was added to the chitosan solution with a variation of the volume ratio of chitosan:silica were 3:7, 1:1, 2:1, and 3:1 (v/v) respectively, and was stirred for 2 h. Later, the homogeneous solution was poured into a glass plate and dried at room temperature to obtain a chitosan-silica dried membrane. The membrane was soaked in NaOH (1%) to ensure that the membrane can be removed from the mold. Then, the membrane was treated with distilled water until it became neutral [9] .
The chitosan-silica membrane was treated by a solution of dithizone (5×10 -4 M) in ethanol for 6 h. This step was intended to immobilize dithizone onto the chitosan-silica membrane. Afterward, the membrane was treated with the distilled water for 12 h [7] .
Characterization of chitosan-silica membrane
The membrane was characterized by FTIR and SEM. FTIR was used to analyze the functional groups of the membrane while SEM was used to analyze the morphology of membrane surface of chitosan and chitosan-silica. The membrane was firstly coated with gold for 40 min thus the surface membrane was able to be seen by SEM. 
Measurement of performance and validation of optode
Optode performance can be determined through measurements of maximum wavelength, optimum pH and response time of optode against Pb 2+ metal ions. The measurement of optode performance was conducted by using UV-VIS Spectrophotometer Ocean Optics. Optode with the size of 1×1 cm was treated in Pb 2+ solution until its color changed from orange to pink. Then, the optode was removed and dried. The dried optode was put in Cuvette holder Ocean Optics and its absorbance was measured at the range of visible wavelength of 450-500 nm to find the maximum value [10] .
The optode was treated with a Pb 2+ solution in various pH and time durations to measure the optimum pH and response time. The variation of pH used was from pH 3 to 9 and the variation of time set was from 60 to 300 s.
The validation test of optode included a test of linearity, limit of detection, limit of quantification, precision, accuracy and also selectivity [14] [15] [16] . The interfere metal ions used in selectivity test were: Cd 
RESULT AND DISCUSSION
Chitosan-Silica Membrane
The chitosan-silica membrane was made by solgel method with a various volume ratio of chitosan:silica (Fig. 1) . The ratio of chitosan:silica, 3:7 (Fig. 1a) did not form a membrane (the membrane was broken). However, on ratio 1:1 (Fig. 1b) , 2:1 (Fig. 1c ) and 3:1 (Fig. 1d) , membranes were formed. The amount of chitosan and silica addition affected the formation of the membrane, the higher the amount of silica, the more difficult to achieve the membrane formation as membrane will break due to the fragile characteristic of silica. Besides, the addition of excess chitosan affected the color of the membrane (more opaque) which also impacted on the optode measurement. The Precise composition of chitosansilica resulted in optode membrane with porosity and mechanical stability. The ratio of chitosan and silica sol used in the fabrication of membrane for sensors was 2:1. Moreover, this ratio succeeded in producing a quite transparent membrane and did not shrink the sheet of the membrane (Fig. 1c) .
Characteristics of Chitosan-Silica Membrane
The Interaction of chitosan-silica (Fig. 2) according to Al-Sagher and Salim [17] , indicated hydrogen bonds formed between amide group of chitosan and silanol. Other interactions were ionic bonds between amino group and silanol and also covalent bonds which were possible to be formed due The characterization of the membrane by FTIR (Fig. 3) showed a peak at 3384 cm -1 which indicated the presence of NH group that overlapped with the absorption of OH group [18] . Wave number at 2920 cm -1 was the absorption of CH stretch and peak at 1589 cm . According to Taba [19] , the wave number obtained was the characteristic absorption of chitosan. The characteristic spectrum of the chitosan-silica membrane and chitosan-silica membrane immobilized by dithizone were not different from the spectrum of chitosan membrane as there was only a narrow shift of wave number and addition of new peak. In the spectrum of the chitosan-silica membrane, wave number shifted from 3384 cm -1 to 3367 cm -1 which indicated the interaction between OH groups of silica and N-H of chitosan [9] . The presence of absorption at 1076 cm -1 showed the vibration of Si-O-Si while at 897 cm -1 , Si-OH was found to be the reason [18] . In the spectrum of membranes immobilized by dithizone, new peaks appeared, those were at 2460 cm -1 (S-H group) and at 2340 cm -1 (C=N group of dithizone) [20] . The result of SEM analysis showed the dense and smooth surface of chitosan membrane (Fig. 4a) that the pores were not visible. The addition of silica into chitosan membrane (Fig. 4b ) and the addition of dithizone into the chitosan-silica membrane (Fig. 4c ) made its surface rough although it was not properly distributed (not homogeneous). The stirring time can affect the homogeneity of silica on the surface of chitosan. The shape of silica particles was not homogeneous since the precursor used in the composite was TEOS. Therefore, it caused the particles on the surface membrane seen in different forms (round, oval, rectangular and triangular) [21] . The addition of dithizone made the particle shape was larger because of the silica particle on the chitosan surface was covered by dithizone particle. Dithizone which was used as metal detector substance diffused onto the surface of the chitosan-silica membrane. As the membrane was produced by the sol-gel method, dithizone can be adsorbed onto chitosan-silica membrane [22] . 
Immobilization of Dithizone on Chitosan-Silica Membrane
Immobilization of dithizone onto chitosan-silica membrane was conducted by soaking the membrane in dithizone solution with a concentration of 5×10 -4 M. Dithizone immobilized onto the membrane resulted in orange color (Fig. 5) . According to Zargoosh and Babadi [7] , the color of dithizone solution in ethanol was dark green at high concentrations and orange at low concentrations. Dithizone has been used as metal detector because it can diffuse onto the surface of the chitosan-silica membrane, thus it is able to adsorb onto the pores of the chitosan-silica membrane.
Optical Sensor (Optode) of Pb
2+
The immobilized membrane was tested at various concentrations of Pb -dithizonate which further led to color change, orange to pink, on the optode. Nitrogen and sulfur atoms of dithizone bound with Pb 2+ metal ions (Fig. 5) [23] .
Maximum absorbances at various concentration of Pb 2+ were depicted (Fig. 6) . The maximum wavelength of optode was obtained at 488 nm. However, this result was different from the previous research, i.e 486 nm [13] , 425 nm [7] , and 510 nm [24] due to the difference in membrane used to produce optode. Thus, it affected on the shifting of maximum wavelength.
The stability of dithizone complex with some metals was influenced by pH. In this study, the optimum pH of dithizone and Pb 2+ metal ion complex was obtained at pH 5 (Fig. 7a) . At pH 3 and 4, the reaction between dithizone and Pb 2+ ion was not stable due to protonation of nitrogen atom and sulfur which reduced the donor-acceptor interaction between dithizone and Pb 2+ ion. Whereas at pH 6 to 9, the reaction was not stable because Pb 2+ ion formed hydroxyl complex and precipitate.
The contact time of optode with the Pb 2+ solution was constant at 3 to 6 min (Fig. 7b) . The optimum time was obtained at 3 min when the Pb 2+ metal ions completely reacted with the dithizone that immobilized onto optode. The optode produced was found to have better response time than optode that was made using triacetyl cellulose membrane which obtained response time for 11 to 15 min [25] .
Optode produced in this study had linearity at a concentration range of 0.2 to 1.1 ppm with an r 2 value of 0.9921 (Fig. 8) . Limit of detection and quantitation were obtained at 0.11 and 0.37 ppm, respectively. Limit of detection obtained was quite low. However, optode produced using the agarose membrane was very low, those were 0.0008 ppm [7] . Comparison of performance between optodes fabricated in this study is listed in Table 1 . The accuracy of a method is needed for the fabrication of optode which is also one of validation tests. Accuracy value is defined as the percentage of ratio value between concentrations obtained from the measurement and actual concentration [16] . Good accuracy values were in the range of 80 to 110% (for concentrations in ppm) [15] . Later, the analysis is performed by calculating the percentage of recovery. The value of % recovery for each concentration in this research (Table 2) was included in the range of good accuracy value.
The precision of an optode is also required in the determination of analyte concentration. The optode precision obtained is a repeatability value that can be seen from the percentage of relative standard deviation (%RSD). Repeatability is a precision result which is obtained if measurements are repeated [15] . Acceptance condition for %RSD according to the standard of AOAC [26] were 435, 571, and 425 nm, respectively. These metals were also used as interfere metals in Pb metal test with dithizone method [24] .
The concentrations of Pb metal ions against the three interfere metals were varied by two ratios of the concentration of Pb i.e 1:1:1:1 and 1:2:2:2 with pH of 5 in the mixed solution. Optode color that changed from orange to pink did not interfere, but absorbance value decreased at the maximum wavelength of 488 nm. The reduction of optode absorbance affected the selectivity because it had passed the limit of reduction tolerance of 5% [7] .
The reduction of absorbance values obtained in Pb 2+ metal detection was due to the interference of three metals. That occurrence indicated competition of complex formation with dithizone. The metal ions in the solution diffused onto optode and reacted with dithizone which later was adsorbed onto membrane [22] . Hence, the concentration of metal ions in solution decreased. Residue solution from the optode immersion process was tested with AAS to determine which metal ions diffused onto optode. were found in the solution tested. However, the detection sensor was not selective with the Fe 3+ metal ions.
CONCLUSION
An optical sensor (optode) for the determination of lead (II) can be prepared from the chitosan-silica membrane which immobilized by dithizone. Optode has good accuracy with average %recovery of 100.96% and precise precision with an average %relative standard deviation of 1.43 and 3 min of response time as well. Linearity was found at concentration ranged from 0.2 to 1.1 ppm with an r 2 value of 0.9921. Limit of detection and quantitation obtained were quite low i.e. 0.11 and 0.37 ppm, respectively. Optode that has been obtained was quite sensitive but not yet selective for Pb 
